###### Strengths and limitations of this study

-   This is the first randomised trial in China examining the effectiveness and safety of pelvic floor muscle training, biofeedback and repetitive transcranial magnetic stimulation as therapies for neurogenic bladder dysfunction.

-   Both subjective and objective tools to assess bladder function and quality of life are used in this study.

-   All study participants are required to attend standardised training.

-   A sham comparator will not be used in these trials, so the participant blinding and practitioner blinding cannot be achieved, and complete assessor blinding may be challenging because of the self-reported outcome measurement.

-   Participants might be heterogeneous because of the broad age range, different levels of spinal cord injury and types of neurogenic bladder dysfunction.

Introduction {#s1}
============

The prevalence of urinary incontinence (UI) is notable in spinal cord injury (SCI) populations, affecting over half (52.3%) of the patients.[@R1] A considerable number of patients with SCI are dissatisfied with their voiding function and ask for specific management.[@R2] Neurogenic bladder dysfunction brought by SCI is an area of great interest for several decades, and it can cause a significant socioeconomic burden. In previous studies, patients with SCI experienced urogenital diseases, motor, sensory and autonomic function impairment and poor quality of life (QoL).[@R4] Notably, the type of neurogenic bladder dysfunction is significantly associated with the degree of injury in patients with SCI. Lesions located in the spinal cord between the sacrum and the brainstem mostly lead to neurogenic detrusor overactivity (NDO) and detrusor--sphincter dyssynergia. The patients with damage to the sacral part of the spinal cord usually show detrusor areflexia, resulting in urinary retention and/or incontinence owing to urine overflow or a loss of urethral resistance.[@R7] Clinicians and researchers must give an individually tailored management strategy based on a specific diagnosis in each different individual.

Pelvic floor muscle training (PFMT) is a well-established first-line conservative treatment of UI, five times more likely to report symptomatic cure than no treatment or inactive control treatments.[@R8] The Dutch College of General Practitioners\' (NHG) practice guideline suggested exercise therapy could be employed for women with UI under supervision of a pelvic physical therapist.[@R9] To date, many studies have confirmed that PFMT is safe and effective in treating bladder dysfunction and improving QoL.[@R10] The mechanism of PFMT is increasing urethral pressure, supporting of the bladder neck, and interacting with the transversus abdominis via coordinated contractions between the pelvic floor muscles and the transversus abdominis, improving bladder function finally.[@R12] While numerous guidelines recommend PFMT, the actual regimen of PFMT in clinical settings varies widely. There is insufficient evidence to get a standardised PFMT regimen.

Biofeedback has been used, as a common adjunct to PFMT, for women with UI in the past years. Almost all researchers have thought biofeedback can add benefit to PFMT in theory. Biofeedback is defined as visual feedback and frequent verbal feedback provided by the computer, helping participants to observe muscle contraction and relaxation. In previous studies,[@R14] clinicians and physical therapists could master readaptation situations of patients in the setting of pelvic dysfunction by evaluating the myoelectric activation of these muscle groups in biofeedback. However, most reviews published in succession showed that there was not a significant difference in outcomes comparing PFMT with biofeedback and PFMT, which might be caused by low-quality randomised controlled trials (RCT).[@R16]

More and more scientific articles have reported that electrical stimulation is second-line or third-line treatment for neurogenic lower urinary tract disease, and this conclusion is now well-validated and accepted.[@R18] Some articles reported that repetitive transcranial magnetic stimulation (rTMS) had been extensively used in pain management by affecting nuclei in the thalamus and subthalamic regions.[@R19] In a recent review, Ellaway *et al* purported the applications of rTMS not only relieving neuropathic pain, but also addressing motor control in SCI.[@R21] Despite the potential treatment effects of rTMS to be used in the restoration of bladder and bowel sphincter function, the use of rTMS was reported to be uncommon in clinical settings and there was considerable variation in clinical outcomes.[@R21]

In Chinese medical clinical settings, PFMT has been frequently used for treating UI. Biofeedback and rTMS, as potential adjunct treatments, are occasionally used in patients with incomplete SCI who retain some feeling or motor function below the site of the injury and are evaluated as B, C or D level according to the American Spinal Injury Association Impairment Scale. However, there is lack of research evidence to get consistent conclusions for the clinical effectiveness of these interventions. To our knowledge, no clinical research has been conducted to explore the effect of combing PFMT and rTMS. Thus, the primary aim of this study is to investigate the effectiveness and safety of PFMT, biofeedback and rTMS as adjunct treatments for neurogenic bladder dysfunction. Our secondary objective is to explore a standardised regimen which consists of PFMT and other conservative treatment protocol for women with neurogenic bladder dysfunction.

Methods and analysis {#s2}
====================

Study design {#s2-1}
------------

This trial is a single-centre randomised controlled trial with a follow-up period of 6 months. All subjects will receive observations and baseline assessments after obtaining informed consent ([online supplementary additional file 1](#SP1){ref-type="supplementary-material"}), only those who meet inclusion/ exclusion criteria will be included in the trial and randomised. The subjects will be randomly allocated to either arm 1, 2, 3 or 4 in a 1:1:1:1 ratio by randomisation sequence ([table 1](#T1){ref-type="table"}), including (1) PFMT, (2) PFMT with biofeedback, (3) PFMT and rTMS and (4) PFMT with biofeedback and rTMS.[@R23] This randomisation process will use a computer-generated randomisation sequence, an outsider research-assistant will allocate these numbers to participants according to the order of inclusion. In this trial, participant blinding and practitioner blinding cannot be achieved because they will be aware of the intervention methods and personally take part in treatments. The primary investigator who will assess the outcomes and analyse data will be blinded to the group allocation by not involving in the treatment administration. The participant flow for this trail is presented in [figure 1](#F1){ref-type="fig"}. The protocol follows the Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) guidelines and fulfils the SPIRIT checklist[@R24] ([online supplementary additional file 2](#SP2){ref-type="supplementary-material"}).
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###### 

Standardisation of training and protocols

  Group                            Standardised training programme                                                                                                                                                                      Dosage                                                                                                                                                                                 Time in total
  -------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------
  PFMT                             Sustained contractions                                                                                                                                                                               The patients will complete pelvic muscle contraction lasting 6--10 s per time, then start next contraction after resting for 10 s, 8--10 repetitions per set, 1--2 sets per session.   30 min
  Phasic contractions              The patients will complete pelvic muscle contraction lasting 2--5 s per time, then rest, the resting time is twice as long as the contraction time, 10 repetitions per set, 1--3 sets per session.                                                                                                                                                                                          
  Guide-condition training         The patients will be asked to simulate the activity like cough, sneeze while contracting the pelvic floor muscles, adapting to the needs of daily life.                                                                                                                                                                                                                                     
  PFMT with biofeedback            PFMT protocol                                                                                                                                                                                        Exercise prescription is the same with PFMT group.                                                                                                                                     30 min
  Biofeedback protocol             Participants will receive visual or auditory feedback from biofeedback equipment to monitor and correct pelvic floor muscle contractions during training.                                                                                                                                                                                                                                   
  PFMT and rTMS                    PFMT protocol                                                                                                                                                                                        Exercise prescription is the same with PFMT group.                                                                                                                                     50 min
  rTMS protocol                    The patients will receive rTMS treatment at 5 Hz for 20 min after determining the hemisphere and specific part to stimulate.                                                                                                                                                                                                                                                                
  PFMT with biofeedback and rTMS   PFMT protocol                                                                                                                                                                                        Exercise prescription is the same with PFMT group                                                                                                                                      50 min
  Biofeedback protocol             Participants will receive visual or auditory feedback from biofeedback equipment to monitor and correct pelvic floor muscle contractions during training.                                                                                                                                                                                                                                   
  rTMS protocol                    The patients will receive rTMS treatment at 5 Hz for 20 min after determining the hemisphere and specific part to stimulate.                                                                                                                                                                                                                                                                

PFMT, pelvic floor muscle training; rTMS, repetitive transcranial magnetic stimulation.

![Proposed participant flow. ICIQ-UI SF, International Consultation on Incontinence Questionnaire-Urinary Incontinence Short Form; PFMT, pelvic floor muscle training; rTMS, repetitive transcranial magnetic stimulation; SCI, spinal cord injury; SCI-QoL, International Spinal Cord Injury Quality of Life Basic Data Set; UI, urinary incontinence.](bmjopen-2019-034582f01){#F1}

Participants {#s2-2}
------------

Over the trial recruitment period, investigators will recruit potentially eligible women. In the hospital, clinical experts will confirm a clinical diagnosis of neurogenic bladder dysfunction after SCI, and assess other trial eligibility criteria. If a woman is eligible, the researchers will ask about her wish and obtain informed consent. [Box 1](#B1){ref-type="boxed-text"} lists the inclusion and exclusion criteria.[@R25]

###### Inclusion and exclusion criteria of the study

### Inclusion criteria

-   Patients who are women aged 18--75 years with incomplete SCI.

-   Patients who are in phase of chronic SCI without the risk of death.

-   Patients who have UI with a total score of ≥8 on the ICIQ-UI SF.

-   Patients who are willing and suitable to be randomised.

### Exclusion criteria

-   Patients who are motor completeness of injury (A or B on the American Spinal Injury Association Impairment Scale).

-   Patients who have cognitive problems including uncontrolled epilepsy, central nervous system diseases or psychosis, and cannot cooperate with rehabilitation training.

-   Patients who have metal in cranium, intracardiac lines, increased intracranial pressure, heart disease, cardiac pacemaker, medication pump, tricyclic antidepressants, neuroleptics or family history of epilepsy so that they cannot receive rTMS treatment.

-   Patients who are pregnant or are less than 6 months postnatal.

-   Patients who have had formal instruction in PFMT in last years.

-   Patients who are currently participating in another research relating to their UI.

ICIQ-UI SF, International Consultation on Incontinence Questionnaire-Urinary Incontinence Short Form; PFMT, pelvic floor muscle training; rTMS: repetitive transcranial magnetic stimulation; SCI, spinal cord injury; UI, urinary incontinence.

Participants fulfilling the above criteria will receive further assessments, including bladder diary, pelvic floor muscle function, International Consultation on Incontinence Questionnaire-Urinary Incontinence Short Form (ICIQ-UI SF)[@R26] and the International Spinal Cord Injury Quality of Life Basic Data Set (SCI-QoL).[@R27] This trial will happen in Southwest China, when all participants are referred to the Neurological Rehabilitation Division, they will receive center-intervention, which is center-based rehabilitation under supervision of therapists in the Department of Rehabilitation Medicine Center. Different groups will receive corresponding interventions according to plans, and all equipment needed to be used will be provided by the Department of Rehabilitation Medicine Center.

Interventions {#s2-3}
-------------

All subjects in this trial will receive PFMT[@R28] because level 1 evidence indicates that PFMT is effective in treating women with pelvic floor muscle dysfunctions, such as stress, urgency or mixed UI.[@R28] Vásquez *et al* summarised two case studies and reported that a 6-week programme of PFMT might have a beneficial effect on promoting voluntary control of NDO and might reduce incontinence in selected cases with a motor incomplete spinal cord lesion.[@R29] Overall PFMT effectiveness depends on exercise adherence largely. The trial will increase continued adherence by two methods, first, patients will receive rehabilitation directly after referred from other departments to the rehabilitation department. Besides that, the patients will complete the bladder diaries during the treatment to urge them into training.

### Control group (PFMT) {#s2-3-1}

After randomisation, trained physiotherapists will teach subjects the correct exercise techniques and correct contraction methods, and will encourage participants to feel the contraction and relaxation of muscles by palpation when they are training in the supine position. The individual subject and her physiotherapist will identify the initial PFMT programme together, the exercise programme will be practiced during hospitalisation and is allowed to adjust by the therapist according to the patient\'s condition. Women in the PFMT group will receive intervention during first 4 weeks, and will be followed up for 6 months. PFMT protocol obeys exercise prescription principles, including frequency, intensity, time, type, volume and progress. This study determines initial prescription based on the PERFECT (Power, Endurance, Repetitions, Fast, Every Contraction Timed) assessment.[@R30] A 30 min session is divided into three parts, five times weekly for a total of 20 sessions, part 1 is sustained contractions lasting 6--10 s (s), with the resting of 10 s, 8--10 repetitions, 1--2 sets; part 2 is phasic contractions lasting 2--5 s, with twice the resting time, 10 repetitions, 1--3 sets; part 3 is guide-condition training, asking the patient to simulate the activity of increased intra-abdominal pressure (such as cough, sneeze) while contracting the pelvic floor muscles.[@R31] The intensity will be set according to the maximum duration of pelvic floor muscle contraction when this patient feels tired. The programme will be progressed when the woman's ability is reaching her individualised goal. For example, if a patient can only complete lasting 6 s muscle contraction per time due to bad body condition, her prescription will be pelvic muscle contraction lasting 6 s per time, then resting for 10 s, 8 repetitions per set, 1 set per session. With the improvement of the patient\'s physical condition, the duration of contraction, the number of repetitions and sets in the prescription will gradually increase to meet the principles of exercise physiology.

There is not any assistant equipment that can help patients to complete muscle training (eg, biofeedback, rTMS) used in the control group but patients\' verbal feedback and palpated feedback is permitted.

### Group 1 (PFMT with biofeedback) {#s2-3-2}

Biofeedback is a mind--body technique to gain control over involuntary bodily functions, and it is a behavioural learning process that relies on continuous operation and correction. This process involves being connected to a device with sensors that provide feedback about specific aspects of participants\' bodies. Participants who are randomised to receiving PFMT with biofeedback will complete the same PFMT protocol as the control group, in addition, five electrodes will be placed in the vaginal area manually by the physiotherapist to connect biofeedback device. Participants receive visual, auditory, or verbal feedback from equipment to correct their reactions.[@R14] All participants will complete whole training programmes under the commands of a computer after understanding the training protocol that would be performed. The participants will use the same type of device throughout the trial.[@R15]

### Group 2 (PFMT and rTMS) {#s2-3-3}

Studies have demonstrated that extensive reorganisation occurs in human\'s corticospinal tract, primary motor cortex (M1) and spinal cord after SCI.[@R32] Moreover, the researchers who explore the effect of rTMS have found that it can elicit long-lasting changes in the excitability of these anatomical areas, resulting in significant improvements in controlling voluntary movements.[@R33] Based on the principle that high-frequency rTMS (≥5 Hz) increases corticospinal and M1 excitability whereas low-frequency rTMS (≤1 Hz) decreases it,[@R34] and considering that recent evidences demonstrated high stimulus intensities could affect activity of spinal cord circuitry.[@R35] We design rTMS protocol according to the trial from Kuppuswamy *et al*.[@R35] Their trial showed this application of 5 Hz rTMS had been a safe procedure though it did not produce clinical change in chronic, subjects with stable SCI. All participants will use the same rTMS equipment, which uses a figure-of-eight coil with the handle pointing anteromedially over the sensorimotor cortex on one side. The physiotherapist will choose pelvic floor muscle as the reference muscle for applying rTMS, determining the hemisphere and specific part to stimulate. Subjects with anatomical positioning hats will receive rTMS at 5 Hz for 20 min per time, five times a week. During a weak (approximately 10%) voluntary contraction, the equipment will give a stimulation of 80% of the active motor threshold to elicit a motor evoked potential. Pain or muscle twitch is not elicited by stimulation in the whole process. In addition, all patients will receive standardised PFMT protocol which is as same as the control group. The session of training is scheduled just after the rTMS session.

### Group 3 (PFMT with biofeedback and rTMS) {#s2-3-4}

The subjects in this group will accept a variety of interventions including PFMT, biofeedback and rTMS. The rTMS protocol with identical strength, frequency and duration of stimulation will be applied first, then PFMT protocol with biofeedback will be implemented next.

Interventionist {#s2-4}
---------------

All therapists delivering the trial interventions must meet the following requirements: (1) therapists are clinical specialists or qualified physiotherapists who already learn medical knowledge-related SCI; (2) therapists will receive standardised training to ensure standardisation in study process. Standardised training includes lectures on pelvic floor muscle anatomy and UI dysfunction, implementing the PFMT protocol, using the biofeedback equipment and adjusting parameters on associated software, using rTMS unit and mastering anatomy of brain. Each interventionist will be provided the PFMT, biofeedback and rTMS protocol manual which covers details of the intervention parameter and development for all groups.

Although the existing research on rTMS treatment of SCI has not found the occurrence of major adverse reactions, epilepsy, as a known potential risk, should be highly regarded during the course of the study. Qualiﬁed therapists should observe subjects at all times and give the appropriate parameters according to the safe limitation of rTMS. All researchers need to have enough skills to deal with unexpected situations and should master the management of seizure and other medical emergencies. Our trial will happen in a hospital where life-support equipment is available. At the same time, there is Data Monitoring Committee (DMC) which helps to complete interim analyses or stop rules. The responsibilities of the DMC are safety monitoring and applying appropriate statistical methods. It will review accumulating data from an ongoing clinical trial and make recommendations which might impact the future conduct of the trial, to ensure that there is no unavoidable increased risk for patients participating in such trials. DMC can provide recommendations for stopping the trial when there are high numbers of protocol violations/deviations or high numbers of patients who withdraw from a study. Considering the psychological factors of patients with SCI, the discomfort of treatment and potential adverse reactions, we design a 20% dropout rate.

Data collection {#s2-5}
---------------

Data will be collected via participant-completed questionnaires at baseline and 1, 3 and 6 months after randomisation. In addition, a pelvic floor muscle exercise diary will be completed in detail by cooperation between the therapist and the patient during the 4-week intervention. After each assessment, the interventionist will record changes in pelvic floor muscle function and bladder symptoms, so that PFMT, biofeedback, and rTMS protocols can be remediation or reinforcement according to the special condition of the patient timely.

The primary outcome is the ICIQ-UI SF, which allows the assessment of the prevalence, frequency, perceived cause of UI and influence on everyday life by questionnaire. The self-reporting questionnaire consists of three scored items and an unscored self-diagnostic item, and it is used to diagnose and evaluate the severity of UI.[@R26] The total ICIQ-UI SF score ranges from 0 to 21 points with the severity being classified according to the total score: 0--7 points for mild UI, 8--12 points for moderate UI and 13--21 points for severe UI.[@R37]

The secondary outcomes include (1) bladder diary, which is intended to document experiences close to the time that they occur, so it can provide more accurate data about micturition frequency, urinary void volume and urinary symptoms.[@R38] The bladder diaries are generally the important tools to evaluate UI symptoms in clinical practice, and the common trial design includes 3-day diaries and 7-day diaries. Considering patients' convenience and compliance, we will use 3-day diaries to obtain details on the participants' bladder function states; (2) pelvic floor muscle function, which is evaluated by perceiving symptoms, physical examination and additional tests such as electromyography, pressure measurements and imaging.[@R39] Of them, the physical examination is the most widely used method for testing the pelvic floor muscle function. Before testing, all participants will be required to rest for at least 10 min to avoid fatigue of pelvic floor muscles, affecting the subsequent evaluation results. During this process, the examiner will teach patients to relax and understand the assessment process. Then doctors and physiotherapists will assess voluntary contraction of the pelvic floor muscles by inspection and palpation; (3) SCI-QoL provides information regarding an individual's satisfaction with their general, physical and emotional health and helps researchers to track changes in those perceptions. The SCI-QoL is a popular instrument for evaluating health-related QoL of adult individuals with traumatic or non-traumatic spinal cord lesions. This questionnaire comprises of three parts, that is, the general quality of life, satisfaction with physical health and satisfaction with psychological health. The total score in each part ranges from 0 to 10 with 0 point indicating completely dissatisﬁed and 10 points indicating completely satisﬁed.[@R27]

Detailed information on the evaluating process is described below to ensure that the participants fill out the questionnaires truthfully. The ICIQ-UI SF scale, bladder diaries and SCI-QoL scale are both subjective and self-reporting questionnaires. All patients should not only understand the meaning of various items in questionnaires but also clear the importance of truthful, timely and complete data entry. Participants will accept the investigator\'s unified explanation of the questionnaires before filling out the questionnaires, and they will be emphasised to fill them according to their own circumstances during the process of completing the questionnaires. In addition, the patient\'s daily recorded bladder diaries and ICIQ-UI SF questionnaire have partially repeated questions, thus, the investigator can judge the authenticity of the questionnaire based on the collected bladder diaries. All questionnaires will be completed independently by the subjects. The investigator should not complete the questionnaires on behalf of the subjects or induce the subjects to change their subjective choices through words or other means.

Follow-up {#s2-6}
---------

Once the eligibility of the patients is confirmed and informed consent from the participants is obtained, randomisation will be applied. Then the interventions will be within 24 hours after the randomisation. Participants will undergo 20 treatment sessions, five times a week for 4 weeks. The assessments and visits for patients will be completed by trained therapists in the first month, at 3 months and 6 months after randomisation, with either telephone or in-hospital follow-up. At every participant appointment, trained investigators will collect objective data by physical examination, and participants will complete paper diaries and questionnaires, then experienced staff will collect all data and send it to the computer for data analyses.

Data analysis {#s2-7}
-------------

All analyses will be according to the Statistical Analysis Plan and Health Economic Analysis Plan. A single main analysis will be performed at the end of the trial when a 6-month follow-up has been completed. For processing of variables, means and SDs are used to express continuous measurements and numbers and percentages are for categorical measurements. The primary population for analysis is defined as patients identified according to the intent-to-treat analysis. All participants will be included in the efficacy analyses after randomisation as long as they have a baseline value and at least one measurement. Statistical analyses will be performed using the R software and SPSS software (version 21.0). First, we will determine whether the data are normally distributed used the Shapiro-Wilk test, and Levene\'s test will be used to examine homogeneity of variance. The mean or mean SD will be used for normally distributed data and median interquartile range (25th--75th percentiles) is for non-normally distributed data. Next, for normally distributed data, we will use Analysis of Variance to evaluate the effectiveness of the intervention, investigating changes of mean in all groups. The significance of differences between the two groups will be evaluated using least significant difference for normally distributed data, moreover, the Kruskal-Wallis test is for non-normally distributed data. Fisher's exact test or χ^2^ test will be used to compare categorical variables. For all tests, a p value of \<0.05 will be considered to indicate statistical significance.

Baseline and outcomes analysis {#s2-8}
------------------------------

All baseline measurements will be analysed, including participant's age, body mass index, level of injury and pelvic floor muscle function. For the primary outcome (ICIQ-UI SF score) analysis, a general linear mixed model is used to compare the difference among the control group, the experimental group 1, experimental group 2 and experimental group 3. The analyses for the secondary outcome measurements will be carried out in a similar manner using an appropriate generalised linear model. Descriptive statistics will be presented at each appointment for variable comparison.

It is reported that women over 50 years old usually suffer from laxity or weakness of pelvic floor muscles and atrophy of tissues around the urethra due to decreased oestrogen levels after menopause.[@R40] Different scores of ICIQ-UI SF mean different severity of UI and 13 points are the cut-off value of moderate and severe UI.[@R37] Considering the potential effect of age and severity of UI and level of injury for outcomes, subgroup analyses will be conducted to determine whether the level of injury, the age of patients (\<50/≥50 years) and the severity of UI (ICIQ-UI SF score \<13/≥13) at baseline affect the clinical response to treatment.

Sample size {#s2-9}
-----------

This article chose the ICIQ-UI SF score as the primary outcome. A study published by Sherburn *et al* proved that the minimum clinically significant difference was 2.5 for older women with UI, and they estimated the SD was 2.56 conservatively.[@R41] Based on results of the related trials, the researchers used 2.52 and 2.56 as the expected absolute intergroup difference and SD. Assuming standardised effect size of 0.25, a type I error probability of 5% and a 90% probability of avoiding a type II error, this trial would require 35 participants in each group at least. Considering 20% dropout was allowed, finally, approximately 44 patients would be needed in each group.

Ethics and dissemination {#s2-10}
------------------------

The conduct of the study will conform to the principles of the Declaration of Helsinki and relevant ethical guidelines covering informed consent, confidentiality and data storage. This trial was evaluated by the Clinical Research and Biomedical Ethics Committee of the West China Hospital, Sichuan University and the ethical approval has been obtained (Approval number: 2019-885, date and version identifier: 9 November 2017/V4.0). This trial has been registered in the Chinese Clinical Trial Registry (No ChiCTR1900026126). The Ethics Committee has approved the protocol of study and the informed consent documents. Written and signed informed consent will be obtained from all participants prior to inclusion in the study. The results of the study will be published in scientific journals after peer review and will be shown at related conferences through presentations. The result will be disseminated to most of the population, including participants, researchers, healthcare providers and sponsors.

Confidentiality and monitoring {#s2-11}
------------------------------

Just people related to this trial can access the data and they will take all necessary precautions to maintain confidentiality. All collected paper forms will be stored in a secure manner in the Department of Rehabilitation Medicine Center, West China Hospital, Sichuan University. A locked, secured cabinet will be used to store paper files. For electrical data, it will be stored on a double password-protected computer. Only the primary investigator and the statistician will own the password. The Ethics Committee and Data Monitoring Committee will monitor the trial process.

Patient and public involvement {#s2-12}
------------------------------

The patients and public were not involved in planning and design of this study.

Discussion {#s3}
==========

This study will be a randomised controlled trial aiming to investigate the effectiveness and safety of PFMT, biofeedback and rTMS as adjunct treatments for neurogenic bladder dysfunction. It will determine a standardised regimen that consists of PFMT and other conservative treatment protocols for women with neurogenic bladder dysfunction, providing an important reference for the development of a multivariate rehabilitation programme.

As previously mentioned, this is the first randomised trial for combining PFMT and rTMS as therapies for neurogenic bladder dysfunction. PFMT has evolved over decades, as first-line treatment for stress and mixed UI, most works of the literature suggested that it could increase muscle strength and endurance, improving coordination and functional use of bladder. It is a widely recommended conservative treatment combining principles from behavioural science, nursing and muscle physiology.[@R42] However, just PFMT is not enough to meet the patients' rehabilitation needs. Applications of rTMS mostly focus on sensory and motor function or neuropathic pain and psychology problems after SCI, while few people know that neuromodulation strategies of rTMS can also be used in bladder dysfunction of incomplete SCI, improving continence by enhancement of residual sensory inputs. In the absence of conservative treatments for UI, if positive results from PFMT and rTMS group are found in this trial, rTMS would be a new behavioural intervention to improve bladder symptoms of women in the future. Biofeedback has become a controversial spot in clinical application because there is no enough evidence to prove the efficacy of biofeedback for PFMT. Thus, the other strength of this study is that the effect of the biofeedback intervention will be evaluated and validated in the clinical protocol with strict quality, and we will collect both subjective and objective data regarding bladder function and QoL using self-reported questionnaires and equipment.

There are some limitations to this trial. First, participant blinding and practitioner blinding cannot be achieved since sham biofeedback and rTMS procedures will not be applied in this trial. All participants will be aware of the intervention methods and personally take part in treatment. In addition, blinding of the assessor may be incomplete because the primary outcome, along with most outcomes of interest, is self-reported. Second, the participants might be heterogeneous due to the broad age range of the inclusion criteria, the difference between the types of neurogenic bladder dysfunction and the possibility of comorbidities with other medical conditions. Therefore, when interpreting the study results, consideration should be given to heterogeneity.

In conclusion, this trial will provide preliminary evidence regarding the combined use of PFMT, rTMS and biofeedback. If this study is successful, it will provide scientific evidence to rehabilitation treatment of women with bladder dysfunction after incomplete SCI.

Trial status {#s3-1}
------------

This study is in the process of recruiting participants, and this stage started in January 2020 and will complete in December 2020. The whole trial procedures are expected to complete by the end of June 2021.
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